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Siwficant Findings in FY99 
1) T0td239240Pu and241Am concentrahons were high in the storm runoff sample, with Pu close to 

the discharge limit of 0 15 pCdL Both Pu and Am activity concentrations in storm runoff 
(GS10 on Apnl 30, 1999, instantenous flow = 8 cfs, TSS = 1 2 W  mgL) and pond dscharge 
(GS03 on Apnl 27, 1999, instanteous flow = 2 3 cfs, TSS = 39*5 mgL) samples were also 
hgher than those detemned in the August 26-27, 1998 samples from Walnut Creek at GS03 
Contrary to the August 1998 samples, however, both storm runoff and pond dscharge 
sampled t h s  year showed a higher percentage (-60%) in the 0 5 j.un filter-passing fraction 
figher total and 0 5 p  filter-passing Pu and Am achvlty concentrattons measured in 1999 are 

due to physico-chemcal or biological processes whtch operate under oxic rather than anoxlc 
conhhons 

2) Phase pmttoning coefficients, €$defined here as the activity concentrahon ratio in partrcles 
20 5 pm to that in 0 5 pm filter-passing phases, were 1-2 orders of magnitude lower for Pu 
and Am than previously observed, i e ,  0 4 to 2xl0fd/g in Apd 1999, vs 1-7xlh1?/g in 
August 1998, reflecting the hrgher relative concentrabon of acbmdes &e 0 5  pn filter- 
passmg phase dmng 1999, and thus hrgher mobihty 

3) Approximately 75% of the Pu and 50% of the Am& 0 5 p  filter-passmg framon was 
colloidal, i e ,  it was filtered out by lOOkDa or 3kDa ultrafilters using cross-flow ultrafiitrabon 
(CFUF), with, on average, only about 30% of 0 5 p  filter-passing Pu (and 50% of Am) 
passing a 100 or 3 kDa ultrafilter Thus, dunng the spnng 1999, we observed htgher fracttons 
of Pu and Am as colloidal forms than m August 1998 This hgher colloidal actmde frachon m 
1999 could be related to some physical or chermcal process whch operated durrng that tune, a 
ume when si@icant frachons of fresh orgamc matter (1 e ,  leaves, grasses) had accumulated 
dunng the falYwinter whch more easilasintegrate after frozen soils are thawing More 
hydrophlic or surface active forms of colloidabrgamc matter (e g , with fulvic acid-hke 
behaviour) could have been produced dunng that tune whrch would have been responsible for 
the changing phase speciabon of Pu and Am through more efficient dispersion of Pu and Am 
polymers associated with clay-orgamc matter complexes (e g , Willunson et a1 , 1997) 
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Higher colloidal Pu and Am fractions are also the cause of lower phase pamion coefficient 
(%) values However, the exact mechanism of colloidal actimde generatiaamams to be 
inveshgated 

4) 239 240Puf4'Am acbvity ratios in both parbcles and in the 05  pm filter-passing phase, contaimng 
both colloidal and dissolved phases, were low (1 e , -1-3), reflecting the fact that significant 
aubonal amounts of Am had prewously been dwharged into this watershed 

5) Pu activity concentrations in the pmculate frachons (>20 jun 8z 0 5-20 pm) were higher than 
observed in August 1998 (1 e ,  0 3-0 6 pCdg in spnng, vs 0 1-0 3 pCdg in summer), but 
still lower than what was found in other creeks at RFBTS (1 e ,  - IpCdg) 'lhs mght suggest 
more vigorous soil erosion transport processes operatmg over longer distances dunng the tune 
of hgher flow rates 

6) Attempts to detemne h oxldaon states m 05 pm filter-passing water samples faded because of 
the predominant colloidal nature of the Pu, which caused it mxm,rate at the mterface 
between water and organrc phase rather than Qstnbute between aqueous and orgmc phases 

groups whch impart the orgamc fraction a negatwe charge at natural pH's Bulk colloidal 
matter contams also strong basic fimmonal groups, as was evident from "Fe labehg 
expements Colloids isolated from the pond dscharge and storm runoff samples contamed 
about 4-5 % organic carbon, 2-5% Fe, and 4-996 Al, reflectmg the predominant inorganic 
nature of bulk colloidal matter 

7) Isoelectnc focusing 0f4C ra&olabelled colloids showed that they contam strong acid funcuonal 

Obimves 
1 To detemne the association of Pu and Am with 1) parmulate, 2) colloidal, and 3) Qssolved 
phases, and attempt to detemne oxidahon states of the &ssolved phase, for field samples from a 
selected pond, pond release waters and compliance point baseflow waters, as well as for samples 
from controlled laboratory resuspension expemnents from wetland samples 
2 To gain informanon on the charge distnbubon of colloids isolated from wetlands and surface 
waters, using isoelecbc focusmg gel electrophoresis 
3 To e x m n e  the chemcal nature of the colloidal carner phase (e g , Fe, Mn, C, Al, etc ) 

Justificabon 
FY 98 work has demonstrated the likelihood that Pmd Am in the 05  p m  filter-passmg 

fraction is predomnantly in a colloidal form The issue of the phase speciabon of PU and Am is 
crucial for understanding the relationshp between surface water quality and soil action levels, as 
well as to support the scienbfic defensibility of RESRAD model simulations The distnbution of 
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Pu and Am among different parbcle and colloid sizes or molecular weights is also important for 
developmg management controls on surface water quality Another important focus of h s  task is 
to detemne the domnant oxidabon state of the filter-passing Pu s p e s  in stream water as well as 
those generated whle resuspending seQments in controlled laboratory expenments, and to relate 
that information to composition and charge of colloids Surface charge is an important colloid 
charactensbc because it regulates the extent to whch colloidal matenal interacts wtbsolved 
actuudes and parhcles and Immobde soil &a and, therefore, is a pnmary parameter for 
eshmahng the extent to whch colloids are mobde and for the development of stmtegies for 
nemoving colloidal matenal and associated acbrudes from the water through engmxred systems. 

Analyhcal Methods 
The first task of phase associabon of Pu and Am invesbgations consists of three sub-tasks a) 

Cross-flow ultrafltrabon (CRJF) evaluabon(e g , model compound filtrabon efficiency) , b) 
surface water samphng, and c) colloid generabon for sedunent samples in controlled lab 
expenments The samplmg sites consist of pond Qscharge from GS03 and storm run-off samples 
from GSlO (Figure 1) Grab samples were collected by baling water from the stream using a 
beaker followed by composibng the water into clean 15 to 20 L Nalgene carboys for processing 
and analysis at CSM. A schemahc of how the samples were processed by filtrahon and 
ultrafiltrabon is given in Figure 2 Pond sedment samples were collected for sedunent 
resuspension expenments with subsequent filtrahon and cross-flow dtrafiltrahon in the laboratory 
(Guo and Santsclu, 1999) Field samphng protocols are descnbed m the Site Samphng and 
Analysis Plan for this expenment (RMRS, 1999) For references RMRS, L L C , March 9, 
1999, Sampling and Analysis Plan Collechon of Wetland SeQments and Surface Water for the 
Fiscal Year 1999 Achmde IVhgrahon Evaluahon at the Rocky Flats Enwronmental Technology Site, 
Rev 0, RF/RMRS-99-330, Golden, CO 

Since CFWF is not a standard analyhcal tool, system calibrations were conducted accordmg to 
protocols of Guo and Santschi (1996,1997), Guo et al. (1999), and Wead (1996, 1998) 
Chemcal parameters to be measured include total orgamc carbon (TOC), dmolved orgaruc carbon 
(DOC, SO 5 pn), colloidal organic carbon (COC, 3kDa-0 5pm), particulate orgamc carbon and 
mtrogen (POC and PON,2O 7pm), pH, alkalinity, Al, Fe and Mn of the 0 5pn filter-passing 
water, and 9% orgmc carbon, Al, Fe and Mn in the colloidal and particulate phases, according to 
Guo and Santsch (1997) and Wewt a1 (1999) These measurements were conducted on the 
isolated aqueous phases and on resolublltzed freeze dned mated  
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Oxldation state detemnahons of PU in the 0 5pm filter-passing frachon were canred out usmg 
methods descnbed by Bertrand and Choppin, 1982, Sat0 and Choppin (1983), Kobashi et a1 
(1988) Other pertinent papers on this subject are those of Choppin (1991), Lovett and Nelson 
(1981), Nitsche et al (1988), and Sat0 et a1 (1985) 

The charge of the colloids were detmmned by isoelectric focusing, after mholabelhg of 
colloidal macromolecular orgatuc matter usmfC (e g , Wolfinbarger and Crosby, 1983, Quigley 
et a1 , 1999), and of colloidal inorganic and organic matter wme The electrophoresis gels 
were sechoned at the end of each experrment, leached in 3rd of 1% SDS detergent for 24 hours, 
added to a sanhllahon cocktat1 and the final sample measured on a Liquid Santdlahon Counter 

Ahquots of all samples were kept for chermcal characterurnon of the colloidal phases 

A note on terminology We denote all fractions with either the upper or lower size or normnal 
molecular weight cutoff lmt, or both The terms “dlssolved”, “fdtrate” are ambigous, and the terms 
“retentate” and “permeate” are reserved for frachons whch were retained by or had permeated an 
ultrafiiter 

We sampled and processed a hscharge sample on 4/27/99 (RIN 9946890) at GS03 and a storm 
runoff sample on 4/30/99 (RIN 99D7102) at GSlO (Figure 1) For the pond discharge sample, 
approxlmately 160 liters of water was taken from GS03 and brought in vanous contamers to CSM 
where it was combined in a 55 gallon drum The 150 liters of storm runoff were collected from 
GSlO and brought to CSWn two 55 gallon drums Both samples were size frachonated in 
duplicate for a total of 4 samples of approxlmately 60-80 liters each (1 e ,  about 320 L total) Ten 
liters of whole water (unfiltered) was set aside for total act~vity measurement for each sample The 
remamng water was passed through 20 pm and 0 5  pm filters and collected in 5 gallon carboys 
One carboy (-20L) of 0 5 pm filtered water was set aside for later analysis of the total 0 5 p filter- 
passing frachon 
ultrafiltrabon (CFUF) Th~rty to forty liters were run through a 3 kDa filter membrane and another 
th~rty to forty liters were run through a 100 kDa filter membrane A schemahc of how the samples 
were filtered and ultrafiltered is given in Figure 2 All size frachons of aqueous phases were further 
processed by Fe(OH), precipitahon The resultant precipitate was sent to TAMUG for 
radmchemcal analysis 0p39240 PU and 24hn 

The remamng 0 5  pm filter-passmg water was used for the cross flow 

The methods for isotope separation were adapted frodZPA Method 908 0 (1980), USDOE 
(1979), USEPA (1979), and Yamato (1982) as described also in last year‘s report (Appendix 2). 
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Each sample was acidified with concentrated mtnc acid to pH c2 and allowed to sit for at least 16 
hours For each sample concentrated hydrochlom acid was added at 5mvL d i b n  and 242Pu 
yield tracers were added The samples were placed on a stlr plate and 5 ml of 40 mg/ml Fe(1II) 
camer was added The pH was measured and concentrated hydrwhlonc acid added untd pH is 4 
The sample was covered and shrred for 30 m u t e s  and the pH measured agam 

Once the pH was c1, concentrated ammonium hydroxide was added untd-bichty r e m 4  
constant then an addbonal 50 mls was added The sample was agam covered and SW After 30 
mnutes, the sample was removed from the stir plate, the stlr bar removed and the precipitate was 
allowed to settle The supernate was decanted unttl the precipitate slurry could be transferred to 250 
ml centnfuge tubes The samples were centtrfuged for 30 m u t e s  at 3000 rpm The supernate was 
decanted and the precipitate was shpped to Texas AdkM Umversity 
University, the samples were Qssolved in concentrated HCl to whch 75 mls of 9 N HC1 and 2 ml 
saturated sodium nitrite were added The samples were then run through a series of three amon 
exchange columns (Appendx 2) The first column separated the Am from the PU frachons The PU 
was then mcroprecipitated on a filter, mounted on a stamless steel planchet and alpha counted The 
Am frachon was camed through a methanolic anion exchange column followed by a TEVA resin 
column The Am fraction was mcroprecipitated, mounted on a stamless steel planchette and alpha 
counted 

Once at Texas A&M 

Results and Dlscussion 

a) Phase Speclataon of sulface water samples 
Cross-flow ultrafiltrahon (Cmrr;) cartndges were checked for proper funcbomg before talung 

them out to the field (Guo and Santschi, 1996, Guo et a1 , 1999) The PU and Am, including 
propagated errors (1 SD = 1 standard deviabon), as well as ancillary data are summatlzed m Tables 
1-1 1, The data in Tables 1-2 include the average actmties of the duplicate samples run except 
where indicated by * Pu and Am parmonmg data are also shown in Figures 3-6 The pattmomng 
data (%) for the 0 5 p  filter-passing frachon, the 2 0 p  filter-passing frachon (filtered in senes), 
and the particle fraction contamed between 0 5 p  - 20pm sizes are presented as the raho of each 
frachon divided by the sum of the measured fractions For the ultrafiltrathta, collected in 
parallel (usmg ultrafilters with a n o m a l  molecular weight cut-off of 3kDa and 100kDa), the 3kDa 
ultrdilter-passing framon and l00kDa - 05pn fractions are measured, whle the 3-100kDa 
fraction was calculated by subtracting the measured 100kDa-0 5pm frachon (retentate) from the 
measured 3kDa-05pn fi-acQon (retentate) The partionmg data for the ultrafiltrahon are 
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detemned by each fracbon Qvided by the total measured 05pn fdter-passing fraCh&e key 
findmgs are as follows 

1) Total Pu and Am acbvity concentrabons are sipficantly hlgher in the storm sample, and Pu 
concentrabon in the storm runoff sample is close to the hscharge limt of 0 15 pCfi Pu and Am 
achvities in both spnng 1999 samples are also higher than the August 1998 values which were 
close to the detechon hmt of OOOO3 pCdL 

2) Both pond discharge and storm runoff samples showed very simlar actimdmtnbuhon 
among different particle sizes, with a large (-60%) fraction of total acbvity in the 0 5 p  filter- 
passing fracbon. 

3) Th~s 05pn filter-passing fracbon of Pu and Am is largely composed of colloids (between 3 
kDa and 0 5  p) with values ranging fmm -40% to -80%. 

4) The Pu and Am parhbomng data are charactenzed by a low phase pmhoning coefficients, 
F$, defined here as the acbvity concentration raho in particlec) 5pn to that in 0 SpmNter- 
passing phases (Table 12) and low Pu/Am rahos (Table 13), which could he mdcahon of 
dtfferent source matends andor Merenhd (biogeo-) chemcal reachons controllmg the 
Qstnbuhon and parhhomng of Pu and Am in h s  system Kgher colloidal frachons of Pu and Am 
may also be responsible for theE lower,Wralues observed here 

b) Redox Speciation of s u ~ a c e  water samples 
Emphasis for redox speciahon focused on two dfferent extracbon reagents, 

Thenoyltnfluoroacetone, ITA (Figure 7) and Dibenzoylmethane, DBM @igure 8) 
extracts Pu(1V) and 'ITA at pH>4 extracts everythmg but Pu(V) The DBM extrachon is a two step 
procedure The first step extracts Pu (III &VI) and leaves Pu (IV&V). The second step separates 
the JII from VI and IV fmm V An attempt was made to change the oxidabon state of Pu tracer in our 
test experiments but h s  was not successful A visit was made to Dr Choppins lab to clanfy these 
procedures The results of the test expenments, both from TAMUG and in Dr Choppins lab, are 
discussed in Appenhx 3 They essentially show that the procedure works well at elevated acbmde 
concentrabons, but is less reliable at the low concentrabon levels encountered in the envuonment, 
llkely due to the colloidal and non-exchangeable nature of the Pu m the water 

ITA at pH<1 

Three samples (Pond Discharge, Storm Set A, and Storm Set B) were run &dation state 
detemnaoon A TTA extracoon at pHc1 was carned out to extract h(IV) from a sample aliquot 
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The acbvity of all samples required preconcentrabon pnor to analysis, whch was accomplished wa 
rotary evaporabon with a concentration factor of 10 times (see Appenhx 3) The data from th~s 
TTA extracbon is summanzed in Table 14 The results show that the Pu was neither found in the 
orgamc nor the aqueous phase but in the interfacial fraction whch contained p&m either 
phase (5Oml of 3 W ) ,  including the interface The Pu was thus recovered in exactly the fracbon 
whch one would predxt if the Pu is indeed associated with colloids and non-exchangeable, i e ,  in 
the mterfacial fracbon These results would therefore suggest that most Pu is not in a low 
molecular weight, iomc or labde form, in these waters 

c) Colbui Characknzatron 
The surface charge hstnbutton of the colloids by gelelectrophoretdbcusing (Figure 9) was 

In orasrpmment the orgmc m o n  was 
determined in 4 samples 3kDa - 0 5pm Discharge, 3kDa - 0 5pm Storm, and two analyses of 
1kDa - 0 5pm from the resuspension experiment 
labeled with C-14 on the carboxylic acid sites (Table 15, Figure 10) In the second expenment, 
more of the inorganic fracbon was labeled with Fe-59 (Table 16, Figure 10) The orgamc fracbon 
shows the majonty of the C-14 is found at @, indicating that orgamc colloids contain strong 
acid functtonal groups whch gives them a negative charge at natural pH of 7-8 The sum of the 
fracbons was less than the total acbvity counted from an equivalent volume (1OOpl) Lkely, small 
losses occurred due to less than 100% efficiency in introducing tbmple into the gel Fe-59 
labelled colloids, on the other hand, showed a distnbution with maxlma at both i3I-Ud 211, 
indicating that bulk colloids contam strong acid and basic functional groups, whch makes them 
amphprotic 

Colloids from stream and pond release water contsuned, on the average, 4-6 % of orgmc carbon, 
0 25-0 5 % rutrogen, 4-9% Al, and 2-5% Fe Such a composition resembles that of average soils 
(e g , Salomons and Forstner, 1984, and references therein) Oucsults therefore suggest that 

colloids sampled in spnng were mostly composed of morgmc mneral phases, with orgamc matter 
occluded within the other phases,and/or covenng the surfaces of the morgamc matenal as an 
orgamc coattng More detaded expenments are needed to hstmguish between these two 
possibilibes 
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Figure 1. Map of sampling locations, with GSlO at the upstream end of the B 
Series ponds, and GS03 on Walnut Creek near Indiana Street. 
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Figure 2. Schematic of field sampling. 
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Figure 3. Partitioning df9*u0Pu between particulate (0.5pm - 20pm and >20pm) 
and 0.5 pm filter-passing phases in discharge and storm event samples. 

23si240Pu (dlscharge sample) 

2ss*240~u (storm event) 
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Figure 4. Partitioning a ' A m  between particulate (0.5pm - 20pm and >20pm) 
and 0.5 pm filter-passing phases in discharge and storm event samples. 

'"Am (discharge sample) 

24rAm (stonn event) 
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Figure 5. 
0.5 pm filter-passing fraction in discharge and storm event samples. 
retentate equals the material retained on the filter plus filter washings. 
lOOkDa is calculated by subtracting the lOOkDa retentate from the 3kDa retentate. 
The <3kDa fraction is the difference between TD and total colloidal. 

Partitioning mu' Pu between colloidal and dissolved phases in the 

3kDa- 
The 

239s2 40 Pu (discharge sample) 

- 
100 kDa-0 5vn 
3-1 OOkDa 
e3 kDa I 

2399240~u (storm event sample) 

100 kDa-0 
3-1 OOkDa 
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Figure 6. 
pm filter-passing fraction in discharge and storm event samples. 
equals the material retained on the filter plus filter washings. 
calculated by subtracting the lOOkDa retentate from the 3kDa retentate. 
<3kDa fraction is the diggerence between TD and total colloidal. 

Partioning ?#Am between colloidal and dissolved phases in the 0.5 
The retentate 

3kDa-100kDa is 
The 

241Am (discharge sample) 

241Am (storm event sample) :: 100 kDa-0 
3-1 OOkDa 

I u <3kDa I 
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Figure 7. Schematic of TTA solvent extraction fractions. 
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Figure 8. Schematic of DBM solvent extraction fractions for actinides (An). 
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Figure 9. Schematic of electrophoresis set-up. 

Schematic of Isoelectric Focusing Apparatus 
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Figure 10. Percent recovery versus pH fordrdcrmined by isoelectric 
focusing of colloidal material within an electrical field which sets up a pH 
gradient within the gel. Organics are labeled with C-14 (solid symbol). Fe- 
59 used to label predominantly inorganics (hollow symbol). The pH range 
of the strip used was 3-10. 
10.7 represents pH>10. The radiolabeled colloids are introduced along the 
strip, and are allowed to travel until they are immobilized at their 
isoelectric point. The results show that the organic matter contains strong 
acid functional groups, which impart them a point of zero charge, PZC of 
pH13. The inorganic matter contain strong basic functional groups which 
give them a PZC of am. 

The data at 2.3 represents <pH3 and the data at 
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Table 1. Summary dpuoPu data using average activities from duplicate 
I analysis except where noted 
I 

Sample ID Fraction SD Partitioning 
(W 

I (Discharge) 0 5 p  filter-passing 0 0175 0 0021 60 
2 0 p  filter-retauled 0 0073 OOOO6 25 

I 0 5 p - 2 O p  (by 00044 OOOO6 15 
Merence) 
0 5 p  filter passing 0 0175 0 0021 100 
100kDa-05p (R) 00045 0 0011 26 
l00kDa ultrafilter-passing 0 0130 0 0024 74 

0 0175 0 0021 1 0 0  
(U) 
0 5 p  filter-passing 
3kDa-05p (R) 0 01 16 0 0017 65 
3kDa ultrafilter-passing (U) 0 0059 0.0027 35 

Sample ID Fraction l/l SD Partitioning 
(%I 

(Storm) 0 5pn filter-passing* 0 1073 0 0080 60 
2 0 p  filter-retallled 00468 0 0025 26 
0 . 5 - 2 0 ~  (by 0 0250 0 0018 14 
Merence) 

~ 4127199 Total 0 0263 0 0033 

4130199 Total 0 1373 00111 

0 5 p  filter-passing* 0 1073 0 0080 100 
100kDa-05p (R) 0 0457 0 0029 39 

(W 
0 5pn filter-passing" 0 1073 0 0080 100 
3kDa-O5p (R) 0 0806 0 0048 74 
3kDa ultrafilter-passing (U) 00267 0 0093 26 

l00kDa ultrafilter-passing 0 0616 0 0085 61 

* indicates average not us <O 5pm , R = Retentate or the 
fracbon retamed + filter w z z :  = ultrafiltrate (permeate) calculated by subtractmg R from 
the TD (TD=Retentate + U) 

= Total dissolved or 
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Table 2. Summary bvAm data using average act. vities from duplicate analysis. 

Sample ID Fraction SD Partitioning 

4/27/99 Total 0 0112 0 0015 
(Discharge) 0 5pm filter-passing* 0 0106 00011 67 

(W 

2 0 p  filter-remed 0 0035 0 0050 22 
0 5 - 2 0 ~  (by 0 0018 00003 11 
Merence) 
0 5pm filter-passing* 0 0106 00011 100 
100kDa-05pn (R) 0 0021 00005 20 
l00kDa ultrafilter-passing 0 0085 0 0012 80 
(U) 
0 5 p  filter-passing* 0 0106 00011 100 
3kDa-05p  (R) 0 0039 OOOO6 37 
3kDa ultrafilter-passmg 00067 0 0013 63 
(U) 

(8) 
4130199 Total 0 0738 00041 
(Storm) 0 5pm filter-passing 0 0430 0 0031 51 

2 0 p  filter-retauled 0 0303 0 0023 36 
0 5 - 2 0 ~  (by 0 0109 00oO9 13 
Merence) 
0 5 p  filter-passing 0 0430 0 0031 100 
100kDa-05pm (R) 0 0172 0 0013 37 
l00kDa ultrafilter-passing 0 0258 0 0034 63 
(U) 
0 5pm filter-passing 0 0430 0 0031 100 
3kDa-05pm (R) 0 0257 0 0016 60 
3kDa ultrafilter-passmg 0 0173 000 40 
(U) 

Sample ID Fraction in SD Partitioning 

- * indicates average not used& = retentate or the fraction retained + filtwash, 'u - 
ultrafiltrate (permeate) calculated by subtractmg R from 0 5 p  filter-passmg e o n  
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Table 3. Suspended Particulate Matter (SPM, -5pm) Concentration. 
Sample ID Filter # SPM ( m a )  Average SD SD (%) 

( m a )  

4/27/99 
I1 

11 

It 

I1 

4/30/99 
I1 

42 7 38 8 4 8  12 4 
36 7 
31 3 
41 3 
42 0 

114 9 
123 1 
117 0 
130 0 
1160 

120 2 6 3  5 3  

Table 4. Particulate Organic Carbon (PQ0,7pm) Concentration. 
Sample ID Filter # POC (mg-U) Avg(mg/l) SD SD(%) 

4/27/99 
I1 

11 

I1 

4/30/99 
II 

It 

11 

CSMOl 
CSM02 
CSM03 
CSM04 

CSMO5 
CSM06 
CSM09 
CSMlO 

0 99 127 0 20 15 6 
129  
136  
145 

3 65 4 
3 82 
409 
3 95 

3 88 0 19 4 8  

Table 5: Particulate Organic Nitrogen (PQU,7pm) Concentration. 
Sample ID Filter ## PON ( ma-Nfl) Ava (ma-Nfl) SD SD(%) 

4/27/99 
11 

11 

11 

4/30/99 
II 

II 

11 

CSMOl 
CSMO2 
CSM03 
CSM04 

CSMOS 
CSMM 
CSMO9 
CSMlO 

0 17 0 19 0 02 12 3 
0 22 
0 17 
0 20 

0 30 0 41 0 1 1  26 8 
0 33 
0 52 
0 48 
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Table 6. C/N atomic Ratio of suspended particulate m&&45/lm). 
Sample E) Mlter # N C/N Ratio Avg SD 

(mg-Cll) (mg-Nll) 

4/27/99 CSMOl 0 99 0 17 6 7  7 8  1 3  
It 

II 

II 

CSM02 1 29 0 22 6 8  
CSM03 136  0 17 9 2  
CSM04 145 0 20 8 6  

4/30/99 CSMO5 3 65 0 30 14 4 11 6 2 6  
II 

I1 

I1 

CSMO6 3 82 0 33 13 4 
CSM09 409 0 52 9 2  
CSMlO 3 95 0 48 9 6  

Table 7. Dissolved organic carbon (DQa,7pm) concentration. 
Sample E) c ontainer # DOC( PPm) Ava (PPm) SD ( PPm) A vg (a) SD (JM) 

4/27/99 
I1 

II 

11 

I1 

11 

I II 

II 

9 23 8 02 0 98 668 82 
9 52 
8 26 
8 15 
7 48 
7 70 
6 93 
6 86 

4/30/99 1 3 90 3 71 0 56 309 47 
11 

It 

11 

I1 

2 3 68 
3 3 14 
4 4 56 
5 3 28 

Table 8. 
measurements. 
Sample ID De scription size %C YON C/N 

Carbon and Nitrogen (%) in colloids, as average of duplicate 

~ ~ ~ ~ ~ ~ ~~ 

RF50 Discharge 3 k D a - 0 5 ~  5 6 8  0 5 4  12 2 

RF74 Storm 3 k D a - 0 5 ~  4 18 0 2 5  19 4 

RF92 Resuspension l k D a - 0 5 p  257 0 15 19 5 

I RF92 Resuspension 1kDa-O 5 p  2 0 2  0 14 17 1 
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Table 9. Inorganic anion (F, Cl,,,NSq, HPQ, and SQ concentrations. 
Sample ID s ubsample I? (PPm) c1 (PPm) NO3 @Pm) H p o 4  ( PPm) so4 ( PPm) 

4/27/99 
II 

II 

11 

II 

It 

4/27/99 

4130199 
I1 

I1 

I1 

II 

I1 

II 

I 1  

4130199 

1 
2 
3 
4 
5 
6 

Average= 
SD 

1 
2 
3 
4 
5 
6 
7 
8 

Average= 
SD 

0406 
0 408 
0 412 
0406 
0 419 
0 413 

0411 
0 005 

0 592 
0 593 
0 366 
0 512 
0 570 
0 539 
0 577 
0 568 
0 539 
0 075 

12 52 
12 50 
15 60 
15 57 
14 68 
14 68 

14 26 
142 

9 75 
9 81 
9 30 
9 30 
9 90 
9 92 
10 15 
10 26 
9 80 
0 35 

4 32 
4 34 
7 05 
7 07 
6 05 
6 11 

5 82 
1 24 

2 41 
2 40 
2 12 
2 11 
244 
2 43 
260  
260  
2 39 
0 19 

0 69 
0 78 
0 78 
0 82 
0 67 
0 69 

0 74 
006 

BD 

BD 

BD 

10 6 
10 7 
17 6 
17 5 
15 3 
15 4 

14 53 
3 16 

5 3  
5 3  
4 2  
4 2  
5 5  
5 5  
5 8  
5 8  
5 18 
0 63 

# NQ Concentrations are below detection limit (BD) 

Table 10. Ancillary data taken at time of sampling by site personel. 
Parameter GSlO 4/3 0/99 @ 08 55 GS03 4/27/99 @ 0900 
PH 7 52 8 12 
Temperature (OC) 8 1  

DO(mg/L) 8 8  
SC (pS/cm) 496 

OW 61 
-5 92 @ 45pH @1l0C 
EH - 

11 2 
249 

- 
49 7 
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Table 11 .  Trace Metal Concentrations in aqueous (4/27/99 and 4/30/99) and 
colloidal (RF50, RF74, RF92) samples. 

Sample ID Subsample k (PPb) A1 (PPb) Mn (PPb) 

4/27/99 1 258f  3 2 2 4 f  15 4 2 f  2 2  
2 233f  15 208f  5 4 1 f  1 9  

4130199 A 150f 13 105f 9 39+ 2 7  
B 127f 9 9 6 f  5 3 6 f  0 8  

~~ ~ ~ 

RF50 3kDa-0 5pm 15 0 35 8 156 4 

RF74 3kDa-0 5 p  47 2 92 7 445 8 

RF92 1kDa-0 5j.m 15 5 407 185 7 
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Table 12. Phase distribution coefficients,(Wkg or ml/g) MaoPu andZ"Am. 
Isotope samP1iw Date Sampl e Name Cn (m@) ( m a )  

239 2 4 0 ~ ~  4/27/99 I)lscharge 38 8 1 7x104 
2 3 9 , 2 4 0 ~ ~  4130199 Storm event 120 4 1x103 

2 4 1 h  4/27/99 I)lscharge 38 8 1 3x104 
2 4 1 h  4130199 Storm event 120 7 9x103 

CP (mgA) is the concentration of suspended particulate matter 
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Table 13. 239*UoP~/24'Am ratios in dissolved, colloidal and particulate samples. 
Date Sample Fraction WAm- Avg SD 

Name 

4/27/99 bscharge WH 
TD 
> 2 0 p  
0 5 - 2 0 ~  

c100kDa 
>100kDa 
c3kDa 
>3kDa 
lOOkDa wash 
3kDa wash 

4/30/99 Storm event WH 
TD 
>20pl 
0 5 - 2 0 ~  

c100kDa 
>100kDa 
c3kDa 
>3kDa 
l00kDa wash 
3kDa wash 

2 770 
1716 
2 005 
2 156 
0 398 
2 146 
1113 
2 749 
0 835 
0 688 

2 037 
2 734 
1518 
2 456 
2 605 
2 787 
2 654 
3 291 
0 597 
1 826 

2 023 

2 103 
2 725 
0 285 
2 669 

3 335 
1139 
1846 

- 

1660 
3 967 
1571 
2 149 
2 058 
2 608 
1201 
3 055 
0 849 
2 378 

2 396 
1716 
2 054 
2 440 
0 341 
2 408 
1113 
3 042 
0 987 
1 267 

1848 
3 350 
1544 
2 303 
2 331 
2 697 
1927 
3 173 
0 723 
2 102 

0 334 
0 164 
0 204 
0406 
0 998 
0 692 
2 223 
0 437 
0 711 
0 628 

0 151 
0 299 
0 089 
0 176 
0 875 
0 184 
2411 
0 201 
0 235 
0 199 

WH=whole water, TD=total di ssolved (i e , e0 5pl) 
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Table 14. 
activities for different oxidation states based on TTA extraction at p H 4 .  

Redox speciation results. Comparison of <0.5pm fraction activity and 

Storm Set A 0 11 
Storm Set B 0 19 

* mterfacial fracbon of aqueous and orgamc phase includmg matmal m between In order to obtsun 
lower relahve errors, we are currently recounting these samples for 10 days or longer colloidal Pu 
would llkely not be easily extractable due to the detergent propertieg natural orgmc matter 
whlch Uely is responsible for keeping Pu and Am m the 05p-filter-passmg fracbon Detergents 
and molecules wlth detergent propemes would be expected to accumulate in the interfacial regon 
between hydrophobic (orgamc phase) and hydrophlhc (aquous phase) solvents Only iomc forms 
or labde complexes would be expected to be extractable for omdahon state deterrmnahon For thls 
reason no other extracbons were completed These results would therefore suggest that most Pu is 
not in a low molecular weight iomc or labile form in these waters. However, the activibes m this 
interfacial frachon were lower thanthe total dwsolved achnhes of the correspondmg sample, 
which can be attnbuted to some adsorption losses to contamer walls or dntary evaporahon 
eqwpment Pu concentrmons in acid extracts of the recondensed water from the rotary evaporabon 
and post rotovapped sample bottle were neghgible, mdcabng that wall losses most llkely occurred 
in the rotary evaporabon glassware,despite silmzahon, and even more llkely in the ongmal 
sample contamer whch, however, was not acid leached and analyzed 
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Table 15. Percent of total C-14 recovered during isoelectric focusing. 

DH RF50 RF74 RF92 RF93 

<3  46 8 21 2 11 4 25 6 
3.0 3 7  9 0  4 8  5 0  
3.7 1 7  2 5  3 4  3 3  
4.4 1 2  3 5  2 7  1 9  
5.1 1 2  2 4  2 7  3 0  
5.8 1 4  1 9  2 7  2 9  
6.5 1 2  1 7  1 8  1 7  
7.2 1 2  1 4  1 2  1 1  
7.9 0 0 6  1 3  1 8  
8.6 0 7  0 7  2 4  1 9  
9.3 0 2  0 4  1 3  2 4  
10 0 6  0 8  1 1  1 8  

>10 2 9  2 1  1 2  2 7  

Table 16. Percent of Total Fe-59 Recovered during isoelectric focusing. 

DH RF50 RF74 RF92 RF93 

<3 12 2 5 4  7 9  7 2  
3 0  0 8  1 1  1 8  0 4  
3 7  1 6  1 2  2 5  1 3  
4 4  2 4  7 1  2 2  1 4  
5 1  2 9  5 3  3 4  2 2  
5 8  4 7  4 3  3 2  2 3  
6 5  6 1  3 7  4 0  3 0  
7 2  6 7  7 1  6 6  4 9  
7 9  6 6  5 6  4 5  6 2  
8 6  7 0  6 8  6 3  1 5  
9 3  2 7  2 6  2 3  0 8  
10 0 4  2 3  2 6  1 1  

>10 22 2 20 7 25 6 34 3 
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Appendices 

Appendix 1: Summary of Sample Identification Numbers. 

RF# LOCATIONRIN DESCRIPTION TYPE ANALYSIS 

RF33 
RF34 
RF35 
RF36 
RF37 
RF38 
RF39 
RF40 
RF4 1 
RF42 
RF43 
RF44 
RF45 
RF46 
RF47 
RF48 
RF49 
RF50 
RF5 1 
RF52 
RF53 
RF54 
RF55 
RF56 
RF57 
RF58 
RF59 
RF60 
RF61 
RF62 
RF63 
RF64 
RF65 
RF66 
RF67 
RF68 
RF69 
RF70 
RF71 
RF72 
RF73 
RF74 
RF75 

GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GS03 
GSlO 
GS 10 
GS 10 
GS 10 
GSlO 
GS 10 
GSlO 
GSlO 
GS 10 
GSlO 
GS 10 
GS 10 
GSlO 
GS 10 
GSlO 
GS 10 
GSlO 
GSlO 
GS 10 

9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 
9946890 set#l 
9946890 set#l 
9946890 set#2 
9946890 s e t a  
99D7 102 
99D7102 
99D7 102 
99D7 102 
99D7 102 
99D7 102 
99D7 102 
99D7 102 
99D7 102 
99D7 102 
99D7 102 
99D7102 
99D7 102 
99D7102 
99D7 102 
99D7 102 
99D7 102 
99D7 102 
99D7 102 

total 
<05  p 
>20 p 

<lOOkDa 
lOOkDa - 0 5 p  
<3kDa 
3kDa - 0 5 p  
Blank spdce 
Blank 
total 
<o 5 p  
>20 p 

c1OOkDa 
lOOkDa - 05pn 
c3kDa 
3kDa - 0 5 p  
Blank spdce 
Blank 
lOOkDa wash 
3kDa wash 
lOOkDa wash 
3kDa wash 
total 
<o 5 p  
>20 p 
05-20 

c1OOkDa 
lOOkDa - 0 5 p  
<3kDa 
3kDa - 05pn 
Blank spdce 
Blank 
total 
4) 5w 
> 2 0 p  
0 5-2Op 

c100kDa 
lOOkDa - 0 5 p  
<3kDa 
3kDa - 0 5 p  
Blank sprke 

05-20 

0 5 - 2 0 ~  

I 
I 

1 

I 

I 

I 

I 

I 

I 

, 
, 

I 

I 

I 

I 

, 
I 

I 

, 
I 

1, c 
I 

i, c 
- - -  

RF76 GSlO 99D7102 Blank ppt 
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Appendix 1: Cont. 

RF# LOCATIONRIN DESCRIPTION TYPE ANALYSIS 
RF77 GSlO 9907102 setA lOOkDa wash PPt A, B - -  
RF78 GSlO 99D7102 setA 3kDa wash PPt A, B 
RF79 GSlO 99D7102 setB lOOkDa wash PPt A, €3 
RF80 GSlO 99D7102 setB 3kDa wash PPt A, B 
RF86 GSlO 99D7102 cartndge blank A, B 
RF87 SED029 99D5920 sedment A, B 
RF88 B4 POND 99D5920 sedunent A, B 
RF89 GSlO 99D7102 set A 'ITA ext pH<l-org (IV) D 
RF90 GSlO 99D7102 set A 'ITA ext pH< -aq (III,V,VI) D 
RF91 GSlO 99D7102 set A TTA ext pH<l- aq/org D 

RF94 GSlO 99D7102 set A 'ITA ext pH<1 - org (IV) D 
RF95 GSlO 99D7102 set A 'ITA ext p H 4 -  aq (III,V,VI) D 
RF96 GSlO 99D7102 set A 'ITA ext pH<1- aq/org D 

RF92 B4 POND 99D5920 >lkDa resuspension morgafllc C 
RF93 B4 POND 99D5920 >lkDa resuspension orgmc C 

RF97 GSlO 99D7102 set A 'ITA ext pHel-org (IV) bottle leach D 
RF98 GSlO 99D7102 set A 'ITA ext pHc1-q (III,V,VI)bottle leachD 
RF99 GSlO 99D7102 set A 'ITA ext pH<1- aq/org bottle leach D 
RFlOO GSlO 99D7102 set A bottle leachB 
RF109 GSlO 99D7102 set B 'ITA ext pH<1 org (IV) D 
RF110 GSlO 99D7102 set B 'ITA ext pHe1 aq(III,V,VI) D 
R F l 1 1  GSlO 99D7102 set B TI'A ext p H 4  aq/org D 
RF112 GSlO 99D7102 set B bottle leach D 
RF113 GS03 9946890 'ITA ext pH<1 org (IV) D 
W114 GS03 9946890 'ITA ext pH<1 aq(III,V,VI) D 
RF115 GS03 9946890 'ITA ext pH<1 aqlorg D 
RF116 GS03 9946890 bottle leachD 

A= 241Am actmty, B339 240 Pu actwity, C = Electrophoresis, D= Pu oxdabon state 
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Appendix 2: Procedure used ?him anda9i2"' Pwactivity determinations. 

Coprecipitation 

To 1OL of sample add of conc. HljJtkt.11 pH e2 Let sample sit for 16 hours after acidficaon 
before processing 

Add 50 ml conc HC1 

Add tracers2t3Am a r ~ d ~ ~ ~ P u )  

Add 5 ml femc chlonde camer (40 mg Fe3+/ml) 

MIX sample and measure pH with pH paper; if pH >1 add 12N HCl untd pH <1 Cover and sttr 
for 30 rmn 

Check pH agam If <1 ,  gently add conc NH4OH, add untd turbidity persists than add add~t~onal 
50 m l  

Stu for 30 rmnutes then let settle ovemght 

Siphon -9L of solubon, dscard 

Transfer remamng -lL mto 25Oml centnfuge tubes, m i n g  bucket and transfer beaker (if used) 
with rmnunum DI 

10 Centnfuge for 15 rn at 3500 rpm 

11 Decant and discard Supernate 

12 To dssolve precipitate add 3 tunes ppt volume of conc HCl and nux by vortexmg.* 

13 Add 75 ml of 9 N HC1 

14 Add 2 ml of saturated NaN02 to samples, rmx well and set aside for 15 rmnutes 

*Note For samples contamng maknal that dld not dIssolve 111 HCL and complete dIgesbon was done 

concentrated mtnc, hydrochlonc and hydrofluoric aaQ) drynes 
concentrated, hydrochlonc and Illtnc (hydrogen peroxide If necessargi) dryness 
hyrdrochlonc +dryness 

as follows 
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Pu column 

1 Fill drsposable plasbc column with 7 cm AGlx8 resm (by resm/DI slurry) 

2 Place funnel on top of column with Whatman filter paper 

3 Wet filter paper with 9N HC1 

4 Condiuon resm with 50 ml 9 N HCl 

5 Load sample through filter, mse 2x wth 20 ml9N HCl (= Am fracbon) 

6 Rinse 2x with 20 ml 9N HCl, drscard 

7 Elute Pu with 2Oml 9N HC1 + 1 5  ml HI ’ 

8 Add 1 ml conc “@evaporate to dryness 

Pu Microprecipitation 

1 Add 1 ml conc H a ,  ~ I X  well to resolub&ze 

2 Add 14 ml DI, muc well 

3 Add 1 0  ml lanthanum camer + 05 mlU$.px well 

4 A d d 5 m l 3 N H F  

5 Let sample sit for rmn 15-20 mnutes 

6 Set up filtraQon apparatus place 25 mm filter membrane on support screen and lock 

7 Apply vacuum, mse  filter with 1-2 ml methanol, nnse filter with DI 

8 Transfer sample, nnsmg beaker once wrth 5 ml DI 

9 Rmse filter wth 10-15 ml DI 

10 Turn off vacuum, use “sharpie” and place dot on outside edge of filter marlung whch side is up 
Place filter in pyrex beaker and put in drying oven (90-100°C) for - lrmn 

11 Mount filter on stamless steel planchet with double sided adhesive tape 
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Am Methanolic Anion Exchange Column 

1 h4m amon exchange resm with twice the volume of 1N -0 methanol soluuon (for 160 ml 
loml conc "0, 150 ml methanol) ovemght 

2 Add 5-10 ml conc "03, 

3 Add 100-125 ml DI, 

4 Add 1 0  ml Fe c m e r  

5 Transfer to cent tube and ppt with conc NH40H Cent.@3500 rpm for 15 mn/ 

6 Add conc HNQand evaporate, Repeat 

7 Add conc HNQuntd &ssolved Add methanol (15 ml of methanol for each 1 ml conc WO 
8 Pour resm slurry into Qsposable column and let resin settle to 7cm, place a layer of sihca or glass 

beads on top of resin 

soluuon 
9 Place funnel on top of column wth Whatman filter paper, wet filter with 1N -0 methanol 

10 Conduon column with 40 ml of 1N " 9 3 %  methanol solubon 

8 Load the sample onto column through filter, mse with 25 ml 1N &IHD% methanol soluhon 

9 Remove and Qscard filter and mse twice with 25 ml 1N HMB;)% methanol solutxon Drscard 
mto methanohc waste receptacle. 

pass completely before addmg next tl~lse Collect eluate m beaker for Teva column 
10 Stnp Am by passing three 20 ml volumes of 8 N -ugh the column allowng each M S ~  to 

11 Evaporate to dryness 
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Am Teva Resin 

1 Redlsolve sample from above in 10 ml 2M W N /  0 1M f o m c  acid (for looml 15 2 g 
NH,SCN & 035 ml 98% f o m c  acid in looml DI) Allow sample to sit for 1 hour to ensure 
Qssolubon 

2 Condibon a TEVA resin 2 ml column with 5 m l  of 2M,$EN/ 0 1M f o m c  acid solubon 

3 Transfer sample mto TEVA column in two porhons usmg dqmsable polyethylene transfer pipet 
Rmse the sample contamer with 1 ml of 2M W N /  0 1M f o m c  acid and transfer to column 
Repeat nnse and add to column 

4 Rme the TEVA column with two 5 ml volumes of lM,lbIEN/ 0 1M f o m c  acid (for 100 ml 
Qssolve 7 6 g “$CN and 0 35 ml 98% f o m c  acid in 100 ml of DI) Allow first wash to pass 
completely before addmg the second wash (Thls washes lanthmdes from column) 

5 Stnp Am from column with 15 ml of 2N HC1 III three 5ml porhons allowmg each 5 ml to pass 
completely 

6 To decompose thocyanate, add 2 5 ml conc “03 and 7 5 ml conc HCL to the Am solubon 
Swd gently Evaporate unbl -1 drop solubon IS remasrung 

7 Add 5 ml conc “03 Evaporate unbl volume is -1 drop 

Am Micro-precipitation (SOP 780) 

Add 1 m l  conc HC1 to sample Heat for 5 rmnutes Add 15 ml DI 

Add 0 5  ml lanthanum carner rmx well Add 5 ml HF MIX well 

Allow sample to stand for 15-20 m u t e s  rmmmum. 

Place 25 mm filter membrane in a filter funnel assembly and turn on vacuum &nse with 1-2 ml 
alcohol 

Load sample mto filter Rmse sample beaker once with 5 ml DI and add to funnel 

After sample has passed through filter Rmse filter with 10-15 ml DI 

Turn off vacuum, use “sharpie” and place dot on outside edge of filter marlung whch side is up 
Place filter in pyrex beaker and put in drylng oven (90-100°C) for - lmn 

Mount filter on stamless steel planchet with double sided adhesive tape 
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Appendix 3: Pu oxidation state determinations 

Extracbon Experunents 

The imbal focus of the Pu oxidabon state detemnabons was on the DBM extrachon as dembed 
by Sat0 and Choppm (1983) Thls two step extrachon procedure d e t e m e s  all four oxidahon 
states in a solubon with sample pH -8 Amwty levels on the order of lo's of dpms were used in 
the imbal extrachons to detennrne if such act.lvibes could be measured using thls extramon 
Attempts were made to alter the omdabon state of our Pu standaitf8m and 24h) by both 
electrolysis (Lovett and Nelson, 1981) and chermcal alteraon (Gehmecker et al, 1986 and 
Kobashl et al , 1988) Recovenes of these imbal expenments were low (-10%) 

Then, we began using teflon wals for DBM extracbons to detemne the omdabon state of Pu 
instead of untreated glass to asess the importance of adsorphon to the walls These expenments 
showed 90-100% recovery of the Pu tracer added Extracbons were then run on solubons altered 
to dfferent omdabon states of Pu The solubons were made by electrolysis of the Pu tracer or by 
addmg either potassium permanganate to hold Pu(VI) or hydroxylarmne HCL to reduce PU to 
Pu(1II) These extracbons showed that most of the Pu was Pu(V) (78-98%) whrch is not what 
would be expected m an aadic solubon of tracer Extracbons were also run on a buffer solubon, 
used to simulate pH of surface water, but these expenments were not successful 111 recovermg the 

tracer added It was unclear whether the extrachons or If the changmg of oxldahon states faded 

FSU visit 

Ktm Roberts visited Dr Choppin's lab to work with Dr Morgenstern, a postdoc in Dr Choppin's 
lab, who has been workmg with the extracoon procedures for omdabon state deternabon of Pu 
Both 'ITA and DBM extracOons were run on a Pu-238 standard soluhon The 'ITA extrachon was 
run twice at two hfferent pHs 
mbnc acid and Pu (IV) is extracted out m the orgmc porhon and the rest r e m  m the aqueous 
pornon The second 'ITA extracbon using pH 4 - 5 ,  t88U was added to s d u m  acetate 
solution, Pu(Lu, IV, VI) is extracted in the orgamc fracbon and Pu(V) remams in the aqueous 
portton The amount of Pu(V1) is calculated by Mference of the two aqueous phases assurmng 
there is no Pu (HI) 111 these solubons For the DBM extramon the starhng soluhon was sodium 
chlonde and Borax soluhon The last two expenments were run with first ultmiiltenng the sample 
(10kDa) to prevent losses due to sorphon of Pu(IV) The followmg table sumtnaflzes the percent 
recovery f03~'Pu standard with the two different extraction methods 

In the first TTA extrachon, (pH<l)%Ru was added to ddute 
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Table A3a Percent of total Pu m each oxidabon state from lab extractions conducted at FSU 
b X D  SDecies DBM 

82 
4 
16 

84 
2 
11 

82 
22 
0 

82 
30 
0 

76 
25 
0 

12 
46 
0 

21 
60 
1 

8 
66 
c1 

These results mQcate the 'ITA extradon at pHc1, used to extract Pu(IV) is consistent regardless 
of what the startmg pH was Therefore, the detemahon of the percent of Pu(IV) out of the total 
Pu achvity was the pnmary goal r e g d n g  the three surface water samples for omdahons state 

analysis Due to the low achvihes, as compared to the laboratory expenments, it was necessary to 
preconcentrate the samples pnor to analysis Three samples were preconcentrated by rotary 

evaporahon from 7500 ml to 75Oml (Table A3b) The preconcentrakd samples were stored untd 
tune of analysis For the analysis 15Oml of sample was added to 15Oml of 0 5M J-IMQ teflon 
separatory funnel After addmg 300 ml of 0 5M TI'A the separatory funnel was covered m Al foil 
and shaken for 20-3Ommutes The 6OOml was Qspensed from the separatory funnel as follows 
25Oml (of 3OOml) of the aqueous frachon (Pu(III,V,VI)), 5Oml of the aqueous and 50ml of the 
orgmc frachons whch contams the interface between the two phases, and 25Omls of the orgamc 
fraction (Pu(1V)) 242Pu tracer was added and each sample aliquot was evaporated to dryness 
Any remamng residue was dgested using concentrated HCl, H N q d  YO, Once the samples 
were Qssolved, the same procedure used for d e t e m g  Pu activity in the s m  fracbon samples 
was apphed (Append= 2) In all three samples the orgamc Pu(IV) and the aqueous (Pu (III,V, VI) 
had no measurable Pu acbvity Both storm samples (A &B) showed activity in the mterfacial 
frachon that was 55 - 95% of the total Qssolved achvity measured previously for the 
corresponding samples albeit wth large errors We are currently recounhng these sample for 10 
days or longer The losses that occurred are probably attnbuted to sorption onto the ongnal 
sample contamer walls as these samples were not run immedrately after collecbon Because the 
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achvity of the ducharge sample was an order of magmtude smaller than the storm samples, the 
acbvity may have been too low to be detected wth the extrachon The exlstence of Pu in the 
111terfacial frachon and not in either the aqueous or orgamc phases suggest that the Pu 111 these 
samples is colloidal and therefore not extractable 111 these expenments, 

Table A3b Ancdlary data for samples analyzed for oxldahon state of Pu measured after rotary 
evaporabon 

Sample rnitial V olume ) I d V  olume Sal PH S Cond 
(L) (L) (P=m) 

Bscharge 7230 775 12 799 2500 2500 
Storm Set A 7500 800 06 8 1  1559 1559 
Storm Set B 7700 700 06 7 3  1544 1544 
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Appendix 4. Quality assurance summary 

Precision 

All samples were run in duphcate for the size fracbon achvity detemnauon of Pu and Am and 
trace metals were run in duphcate and duplicate emr rat10 (DER) was calculated (Table A4a) The 
samples analyzed for POC, PON, DOC, SPM, and inorganic mons were run a mmmum of four 
rephcates (Tables3-8) 

Table A4a: Duplicate error ratio (DER) 2fk@opU 
239240 pu 239240 pu Duplicate 

ID Sample PCI/I + / -  ID Sample pCi/I + / -  Error Ratio 

RF33 
RF34 
RF35 
RF36 
RF37 
RF38 
RF39 
RF40 
RF41 
RF42 
RF53 
RF54 

RF57 
RF58 
RF59 
RF60 
RF6 1 
RF62 
RF63 
RF64 
RF65 
RF66 
RF77 

Total 
<O 5pm 
>20pm 

0 5-20pm 
lOOkDa U 
lOOkDa R 
3kDa U 
3kDa R 

Blank spike 
Blank 

1 OOkDa wash 
3kDa wash 

Total 
<O 5pm 
> 20pm 

0 5-20pm 
lOOkDa U 
lOOkDa R 
3kDa U 
3kDa R 

Blank spike 
Blank 

1 OOkDa wash 

0 0200 
0 0260 
0 0289 
0 0249 
0 0161 
0 0171 
0 0161 
0 0200 
0 0495 
0 0154 
0 0204 
0 0169 

0 0000 
0 0951 
0 0797 
0 0967 
0 0539 
0 0185 
0 0522 
0 0167 
0 0968 
0 0480  
0 0541 

0 0271  
0 0182 
0 0070  
0 0041 
0 0003 
0 0030 
0 0003 
0 0066 
1 9 3 7 5  
-0 0137  
-0 0301 
0 0008 

0 0000 
0 1600 
0 1072 
0 0487 
0 0269 
0 0034 
0 0394 
0 0015 
0 0731 
1 4710 
2 1443  

RF43 
RF44 
RF45 
RF46 
RF47 
RF48 
RF49 
RF50 
RF51 
RF52 
RF55 
RF56 

RF67 
RF68 
RF69 
RF70 
RF7 1 
RF72 
RF73 
RF74 
RF75 
RF7 6 
RF79 

Total 
<O 5pm 
>20pm 

0 5-20pm 
100kDa U 
lOOkDa R 
3kDa U 
3kDa R 

Blank spike 
Blank 

1 OOkDa wash 
3kDa wash 

Total 
<O 5pm 
>20pm 

0 5-20pm 
lOOkDa U 
lOOkDa R 
3kDa U 
3kDa R 

Blank spike 
Blank 

1 OOkDa wash 

0 0193 
0 0245  
0 0286 
0 0333 
0 0159 
0 0200 
0 0168 
0 0544 
0 01 56 
0 0497 
0 0163 
0 0167 

0 0169 
0 0564 
0 0939 
0 1232 
0 1004 
0 0231 
0 0549 
0 0194 
0 0962 
0 01 62 
0 0169 

0 0251 
0 0166 
0 0076 
0 0048 
0 0002 
0 0036 
-0 0001 
0 0160 
0 0618 
1 6 5 8 4  
0 0006 
0 0016 

0 0573 
0 1144 
0 1855 
0 0448 
0 0232 
0 0036 
0 0449 
0 0006 
0 0859 
0 7535 
0 0040 

0 0187 
0 0608 
00312 
1 3 4 0 1  
0 6362 
0 6089 
2 2717 
1 9904 
0 0175  
0 0207 
0 1374 
0 1010 

0 2953 
0 1969 
0 0662 
0 4009 
1 3 0 9 7  
0 9213 
0 0443  
1 7305 
0 0058 
0 0192 
0 0174 

RF78 3kDa wash 00155 -00135 RF80 3kDa wash 0 0 2 6 7  0 0 1 4 0  0 5 7 5 5  
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Table A4b. Duplicate error ratio (DER) BAm. 
ID Sample '"Am 10 Sample 241 Am Duplicate 

PCI/I + / -  pCi/I + / -  Error Ratio 

RF33 
RF34 
RF35 
RF36 
RF3 7 
RF38 
RF39 
RF40 
RF41 
RF42 
RF53 
RF54 

RF57 
RF58 
RF59 
RF60 
RF61 
RF62 
RF63 
RF64 
RF65 
RF66 
RF77 

Total 0 0103 
<O5pm 0 0 2 0 4  
>20pm 0 0 2 4 8  

0 5-20pm 0 0191 
IOOkDa U 0 0074 
IOOkDa R 0 0086 
3kDa U 0 0065 
3kDa R 0 0084 

Blank spike 0 0487 
Blank 0 0064 

IOOkDa wash 0 0060 
3kDa wash 0 0089 

Total 
e0 5pm 
>20pm 

0 5-20pm 
IOOkDa U 
IOOkDa R 
3kDa U 
3kDa R 

Blank spike 
Blank 

lOOkDa wash 

0 0000 
0 0307 
0 0235 
0 1174 
0 0433  
0 0075  
0 0251 
0 0065 
0 0277 
0 1502 
0 0667 

0 0098 
0 0106 
0 0035 
0 0019 
0 0007 
0 0014 
0 0003 
0 0024 
19295 
-0 0018 
0 0008 
00010 

0 0000 
0 0786 
0 0393 
0 0321 
00110 
0 0013 
0 0142 
0 0006 
0 0222 
18552 
2 9121 

RF43 
RF44 
RF45 
RF46 
RF4 7 
RF48 
RF49 
RF50 
RF5 1 
RF52 
RF55 
RF56 

RF67 
RF68 
RF69 
RF70 
RF7 1 
RF72 
RF7 3 
RF7 4 
RF75 
RF76 
RF79 

Total 
<O 5pm 
>20pm 

0 5-20pm 
IOOkDa U 
100kDa R 
3kDa U 
3kDa R 

Blank spike 
Blank 

1 OOkDa wash 
3kDa wash 

Total 
<O 5pm 
>20pm 

0 5-20pm 
IOOkDa U 
IOOkDa R 
3kDa U 
3kDa R 

Blank spike 
Blank 

1 OOkDa wash 

0 0099 
19285 
0 0247 
0 0122 
0 0070  
0 0101 
0 0066 
0 0204 
0 0058 
0 0474 
0 0078 
0 0097 

0 0061 
0 0271 
0 0203 
0 0799  
0 0308 
0 0107 
0 0225 
0 0072  
0 0376 
0 0 1 1 4  
0 0249 

0 01 25 

0 0036 
0 0018 
0 0007 
0 0014 
0 0004 
0 0048 

2 1263 
0 0008 
0 0015 

0 0052 
0 0690 
0 0468 
0 0285 
0 0108 
0 0018 
0 0172  
0 0005 
0 0281 
0 2364 
0 0068 

-0 0113 

-0 0003 

0 0214 
122 7581 
0 0329 
2 6453 
0 4257 
0 7959 
0 2789 
2 2386 
0 0222 
0 0193 
1 6313 
0 4661 

1 1785 
0 0343 
0 0526 
0 8721 
0 8169 
1 4 4 2 4  
0 1171 
0 9258 
0 2752 
0 0742 
0 0144 

RF78 3kDa wash 00063 - 0 0 0 4 2  RF80 3kDa wash 0 0 1 7 3  0 0 0 7 7  12609 
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Table A4c: Duplicate error ratio (DER) for aqueous trace metal samples. 

Metal ID PPb + / -  ppb + / -  Duplicate 
Error Ratio 

Fe 4/27/99 258 3 233 15 1 6 3  
4/30/99 150 13 127 9 1 4 5  

AI 4/27/99 224 15 208 5 1 0 1  
4/30/99 105 9 96 5 o a7 

Mn 4/27/99 42 2 2  41 1 9  0 34 
4/30/99 39 2 9  36 0 8  1 00 

Accuracy 

To ensure accuracy of acbvibes deterrmned by alpha spectrometry, the alpha spectrometer was 
cahbrated from 3-7MeV using a NIST traceable 1” stsunless steel planchete Calibrabon checks 
were performed weekly durrng the tune of mstrument use No recahbrabon was needed as the four 
standard peaks used to momtor & W o n  &d not exceed a shft greater than 4OkeV 
efficiency for the detector is calculated with the 1”stzunless steel standard but all samples have an 
mtemal tracer added whrch provides the necessary efficiency informaon for data reducbon 

The 

Representativeness 

Cham of custody forms for samples 99D5920, 9946890, and 99D7102 were received and retruned 
for th~s years work 

Comparability 

Analyt~al methods used have followed established methods where necessary All protocols have 
been referenced and any dewauons from the accepted methods have been documented 

Completeness 

The number of samples analyzed matches the work plan 

41 



430 

430 
430 

430 

430 

430 

430 

777-0045 18 Eqwpment (GB-368) 

777-0046 18 Freon Tank, Old Density Balance 

777-0051 2 1 Ultrasomc Vapor Cleaner (imcludmg 

777-0054 22 Ultrasomc Vapor Cleaner (mcludmg 

777-0056 18 Ultrasomc Vapor Cleaner (mcludmg 

ancillary pip- to first valve) (GB-426) 

ancillary pipmg to first valve) (GB-446) 

ancillary pipmg to first valve) (GB-465) 

777-0057 24 GISS (GB-756) 

777-0058 24 Sheffield Sweep Gage (GB-758) 

437 

437 

440 
447 

447 

777-0065 29 Gnt Blastmg Umt and Ultrasoruc 
Cleaner (mcludmg ancillary pipmg to 
fmt valve) (GB-A2) 

777-0066 29 Ultmsomc Vapor Cleaner (mcludmg 
ancillary pipmg to first valve) (GB-A3) 

777-0067 27 Ultrasomc Cleaner, TRIC Lmes 
777-0083 32 X-OMAT Processor Tank (NDT#2470) 

777-0084 32 X-OMAT Processor Tank (NDT#2471) 

Buddmg 776/777 Closure Project Revision 0 
Decommlsslonrng operattons Plan October 18,1999 

011, Carbon Tetrachlonde 
&Pu 

131 777-0033 6 Five-Axls M11l (GB-636) 

131,430, 777-0035 78 Carbon Tetrachlonde Supply System 
134A 

131,415, 777-0037 78 TCA Supply System (Ultrasomc 
430, 437, Cleanmg Process) 
452 
134A 777-0038 11 Excello Lathe (GB-746) 

134A 777-0039 11 hewno Lathe (GB-747) 

134A 777-0040 11 Excello Lathe (GB-748) 

Carbon Tetrachlonde 

Empty 

Empty TCA 

Empty 011, Carbon Tetrachlonde 
&Pu 
Oil, Carbon Tetrachlotrde 
&Pu 
Oil, Carbon Tetrachlonde 
&Pu 

134A I 777-0041 I 11 I PneumoLathe 011, Carbon Tetrachlonde 
&Pu 

Empty 

134A I 777-0042 I 10 I DnllPress(GB-752) 011, Carbon Tetrachlonde 
&Pu 
TCA Empty 

Empty 

Empty 

TCA, Freon 

Empty TCA 

TCA Empty 

Empty Nyes Watch 011, Carbon 
Tetrachlonde 

Freon TF, Lube 011, Duct 
Sealers, Noucure 28 
Catalyst or Polygel 

TCA, Metals from 
Blastmg 

Empty 

Empty 

TCA Empty 

TCA Empty 
Empty Process Developer 

Replasher 
Flxer ReDlemsher Empty 

Empty 452 I 777-0090 I 35 I Ultrasomc Vapor Cleaner (mcludmg 
ancillary pipmg to first valve) (GB-524) 

TCA 

6.3 Wastes Requiring Further Processing Prior to Off-Site Disposal 

Most of the remedation waste generated dunng decommissionmg wll be the same or smlar to 
routlne waste for whch there is a clear &sposal path However, as descrrbed below, catam 
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